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^ (54^ Title- METHODS OF PREPARAHON AND COMPOSmON OF PEPTIDE CONSTRUCTS USEFUL FOR TREATMENT 
^ OF AUTOIMMUNE AND TRANSPLANT RELAIED HOST VERSUS GRAFT CONDmONS 

5 (57^ Abstract' Peptide constnicts including a first p^tide segment which includes an amino add sequence associated with autoim- 
S mune disease, asdmia, allergy or xeno- or allograft transplantation rejections bonded diiecdy or via a linker or spacer to a second 
^ oeotide which binds to T cells and which will redirect the immune response from a harmful Th 1 response to a less harxnful Th2 
i^nse or which will bind to T cells to initiate, but not complete, an immune response causing die T cells to which the first 
® peptide binds, to undergo anergy and apoptosis, are useful in treating autoimmune conditions. For instance, the P^P^^deoonstru^ 
O l^OEEKAGWSTGUGGGDSAFDVLSFTAEEKAGVYK (SEQ ID NO:14) wherein Th2 stimulating Peptide G (SEQ ID NO:15) 
^ is covalenUy linked, via spacer GGG, to cardiac myosin molecule My 1 (SEQ ID NO:16), can be used for treatment or prevention of 
^ myocarditis. 
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METHODS OF PREPARATION AND COMPOSITION OF PEPTIDE CONSTRUCTS 
USEFUL FOR TREATMENT OF AUTOIMMUNE AND TRANSPLANT RELATED HOST 

VERSUS GRAFT CONDITIONS 

Field of Invention 

This invention relates to peptide constructs, i.e., 
polypeptides obtained by linking together two or more peptides 
based on or derived from different molecules, which are useful 
5 in the treatment or prevention of autoimmune diseases, asthma, 
allergies, and host versus graft (or graft versus host) 
rejection, as well as to compositions containing same, methods 
for producing same and methods for using same. 
Background 

10 Autoimmune conditions are characterized by the body 

attacking itself by mounting an immune response aga±nst 
itself, various antigens often with defined epitopes 
recognized for some HLA genotypes, have been identified, 
including those associated with insulin dependent dxabetes 

15 mellitis (IDDM) , rheumatoid arthritis (RA) [e.g., collagen 

type II 390-402 lAGFKGEQGPKGE (SEQ ID NO:l), systemic lupus 
erythematous is (SLE) , ankyosing spondylitis (AS) , pemphius 
vulgaris (PV) [epidermal cell adhesion molecule desmoglein 
190-2041 , multiple sclerosis (MS) , Myelinproteolipici MPL 

20 [peptide sequence KNIVTPRT (SEQ ID NO:2] , certain types of 
psoriasis, and uveoretintis (J. Hammer et al 1997, Adv. 
Immunol, 66:67; R. Tisch, et al, 1999, iJ. Immunol. 163 :1178; 
J. Yoon, et al, 1999, Science 284:1183; P. J. Ruiz et al, 
1999, J. Immunol., 162:3336; C. J. Krco, et al, 1999, J. 

25 Immunol. 163:1661). In other cases, peptides are kxiovm that 
induce in animals, a condition similar to ones founca in 
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humans, such as GDKVSFFCKNKEKKC (SEQ ID NO: 3) for 
antiphospholipid antibodies associated with thrombosis (A. 
Gharavi et al, 1999, J. Immunol., 163:2922) or Myelin peptides 
for experimental autoimmtme encephalitis as a model for MS (P. 
5 J. Ruiz, et al, 1999, J. Immunol., 162:3336; S. Araga, et al, 
1999, J. Immunol., 163:476-482; N. Karin, et al, 1999, J. 
Immunol., 160:5188; L. M. Howard, et al, 1999, J. Clin, 
invest., 103:281). Glutamic acid decarboxylase and specific 
peptides have been identified for IDDM (R. Tisch, et al, 1999, 

10 J. Immunol., 163:1178; J. Yoon, et al, 1999, Science, 

284:1183). Many of these conditions are also characterized by 
elevated levels of one or more different cytokines and other 
effectors such as TNF (S. Kleinau, et al, 1999, J. Immunol, 
162:4266; T. Preckel, et al, 1998, Eur. J. Immunol., 28:3706; 

15 P. Wooley, et al, 1992, J. Immtinol., 151:6602) as well as 
autoantibodies, including in some cases, anti-costimulator 
molecules, in particular, those for CTLA-4 (CD152) on CD4+ 
cells (T. Matsui, et al, 1999, J. Immunol., 162:4328). 

Efforts are underway to attack cells or cellular products 

20 of the immune system and thereby treat autoimmune conditions, 
allergies, asthma and tranplantation rejection using as 
reagents presiunptive antigenic peptides or proteins, peptides 
representing certain T cells, monoclonal antibodies, 
recombinant proteins binding various effector cells or 

25 molecules such as TNF and igE. 



2 
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The following immunomodulatory approach contrasts with 
the mode of action for products which are antigen specific. 

A fusion protein LFA-3TIP (Amevive'** from Biogen) , 
purportedly a molecule composed of the first extracellular 
5 domain of l.FA-3 fused to the hinge (CH2 and CH3 domains of 
human igGl) which targets the CD2 receptor on T cells, is 
being evaluated for psoriasis and for xeno- and allograft 
rejection. LFA-3TIP is bifunctional (i.e., two identical 
I.FA-3 regionsand TIP) and, therefore is a complex conjugate 

10 molecule. According to Biogen, LFA-3TIP is a recombinant 
fusion protein designed to modulate immune response by 
blocking the cellular pathway that activates T cells. It is 
presumed by the present inventor that the compound is acting 
on a subset of memory effector cells with a down modulation or 

15 re-direction of modulation activity. 

These less antigen specific approaches also utilize 
monoclonal antibodies that act on activated T cells and down 
regulate them such as by anti-CD3 (Protein Design 
Laboratories) or block APC and T cell interaction by anti- 

20 ICAM-3 (ICOS) . MEDI-507 (Medimmune) is believed to be a 

humanized monoclonal antibody, for psoriasis that also targets 
CD2, presumably for removing or inactivating those cell types. 
Other diseases, such as, tissue transplantation rejection and 
allergies are also being tested by this approach. In contrast 

25 to acting on cell surface markers, rhu-Mab-E25 (Genentech) is 
believed to be a humanized monoclonal antibody against igE 
that binds to circulating IgE, with the goal of preventing 
activation of mast cells. in contrast, other researchers are 

3 
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developing monoclonal antibodies to act on symptoms or agents 
directly causing disease symptoms, Remicade Infliximab 
(Centocor) is purported to be a monoclonal antibody to TNP. 
Anti CD40 ligand has been used for treatment in animal model 
5 of MS (L. M. Howard, et al., 1999, J. Clin. Invest, 103:281). 
A recombinant generated designed protein Enbrel (Immunex) is 
purported to comprise two molecules of r-DNA derived TNP 
receptor, and is intended to block TNF's action • 

It should be noted, however, that many of these agents 
10 are not sufficiently disease specific and often recognize and 
could affect normal cellular and body constituents that have a 
defined and necessary role in normal immune defenses which are 

still needed. 

More antigen or disease specific approaches are 

15 exemplified by the attempt to treat MS patients by oral 

administration of myelin proteins which have recently been 
reported; the same group of searchers are also using collagen 
type It for treatment of patients with rheumatoid arthritis. 
These treatments are designed to attack at the level of the 

20 gut associated lymphoid tissues (GALT) to induce tolerance by 
antigen specific suppression of the immune system. It is not 
known if these treatments use the intact protein or a 
hydrolyzate containing smaller peptides. See D. Hafler, et 
al, 1988, J. Immunol. ,141:181; K. Wucherpf ennig, et al, 1990, 

25 Science, 248:1016; K. Ota, et al., 1990, Nature, 346; 183; and 
H. Weiner, 1999, PNAS, 88:9161. 
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Several researchers are testing peptide based materials 
for treatment of autoimmune conditions. One approacli uses 
peptide as inununogen, given orally in large quantities. The 
peptide represents a peptide sequence tliat is thougtit to be 
5 the autoimmune epitope itself or a modified form which may 
also have altered binding or improved stability properties. 
By use of the peptide it is thought that either the normal 
peptide or an altered peptide ligand (APL) will bind to the T 
cell receptor (TCR) and induce a state of anergy since the 

10 multiple sets of bindings that would occur with antigen 

presentation with an antigen presenting cell (APC) do not 
occur (A. Faith, et al., 1999, J. Immunol., 162:183 6; Scares, 
et al, 1998, J. Immunol., 160:4768; M. Croft, et al, 1997, J. 
Immunol., 159:3257: L. Ding, et al., 1998, J. Immunol., 

15 161:6614; and S. Hin, et al, 1999, J. Immunol., 163:2363). 

Some of the approaches with APL include using related amino 
acids such a D amino acids (U. Koch, et al, 1998, J. Immunol., 
161:421) , amino acids with substituted side chains <R. De 
Palma, et al, 1999, J. Immunol., 162:1982), methylene groups 

20 to replace peptide bonds in the peptide backbone (L. Meda, et 
al, 1996, J. Immunol., 157:1213) and N-hydroxyl peptides (S. 
Hin et al, J. Immunol., 163:23 63). Several groups have 
studied the effect of various substitutions of side chains and 
the MHC and TCR molecules (L. Raddrizani, et al, 1997, J. 

25 Immunol., 159:702; T. M. Clay, et al, 1999, J. Immunol., 
162:1749; L. Radrizanni, et al . , Eur. J. Immunol., 1999, 
29:660) . With insulin activity it has been shown that a one 
amino acid change on the p- chain can abolish its oral immune 
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tolerance activity in two (2) mechanistically different IDDM 
murine models (D. Homann, et al, 1999, J. Immunol., 163:1833). 
While not an autoimmune epitope it has been reported that a 
single change from threonine to alanine can abolish biological 
activity (C. L. Sutherland, et al, 1999, J. Immunol., 
162:4720); a switch from phenylalanine to alanine alters the 
bee venom phospholipase to an inactive form (A. Faith, et al, 
1999, J. Immunol, 162:1836); as does a switch from tyrosine to 
alanine change from active to inactive for another system (S. 
Hausman, et al, 1999, J. Immunol., 162:5389). 

In another approach based on peptide materials, truncated 
peptides of autoimmune inducing epitope are used as. antagonist 
in an animal model to treat the particular condition. (N. 
Karin, et al, 1999, J. Immunol., 160:5188). Several groups 
are using synthetic amino acid polymers that are considered to 
represent epitopes which contain Tyrosine (Y) , Glutamic acid 
(E) , alanine (A) and lysine (K) to target T cells such as 
Copolymer 1. In one study Copaxone is being used as an oral 
tolerance delivery approach to treat MS patients. Copaxone is 
believed to be a synthetic copolymer of four amino acids (D. 
Hafler, et al, 1988, J. Immunol., 141:131). Modified peptides 
of peptide epitopes are reportedly being studies for treatment 
of various autoimmune conditions, including MS and PV 
(desmoglein-3) (J. Hammer, et al, 1997, Adv. Immunol., 66:67; 
K. Wucherpfennig, et al, 1995, PNAS, 92:11935). The 
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scientists doing these studies may also be using Myelin 
proteolipid associated peptide epitope, a polymer or 
derivative of this epitope for MS, (Wucherpf ennig, et al. 
Id. ) . 

5 Peptides that are unique to the T cell antigen receptor 

molecule are f oxind in a particular part of the variable 
region, usually the third hypervariable region of tlie beta 
chain of the T cell antigen Receptor (TCRpVX) (B. Kotzin, et 
al, 1991, PNAS, 88:9161; J. Oksenberg, et al, 1990, Nature, 

10 345:344; S- Zamil, et al, 1986, Nature, 324:258). One such 

peptide is apparently being evaluated for a psoriasis vaccine 
as IR 502 and others for rheumatoid arthritis (D. P. Gold, et 
al, 1997, iT. Neuro immunology, 76:29) . In this case an immune 
response to the TCRPV3 (C. L. Sutherland, et al, 199 9, J. 

15 Immunol., 162:4720) peptide is generated with the goal to have 
the body eliminate the particular T cells and by so removing 
the T cells responsible for the condition, treating the 
condition. However, this approach has the potential of 
eliminating other T cells that contain the same jJV3 peptide 

20 sequence besides the one responsible for the autoimmune 
condition. 

Still another peptide approach uses complimentary peptide 
vaccine tha^ induces T cell energy and prevents Experimental 
Autoimmune Encephalitis (EAE) in rats by induction of anti-TCR 
25 antibodies (a la anti-idiotype) and thereby elimination of 
these cells (S. Araga, et al, 1999, J. Iiraminol., 163 :476). 
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The present inventor has previously discovered and 
described immunomodulatory peptide constaructs which Include a 
first peptide which is an antigenic peptide associated with 
disease or tlie causative organism of disease covalently bonded 
5 to a second peptide which is a T cell binding ligand. These 
heterofunctional cellular immunological reagents are described 
in the commonly assigned U.S. 5,652.342, the disclosure of 
which is incorporated herein, in its entirety, by reference 
thereto. According to this patent, representative T cell 
10 binding ligands include, for example, portions of MHC Classes 
I and II, such as, b-2-microglobulin, portions of LFA-3, 
portions of the Fc region of the heavy chain of 
immunoglobulins, la* molecules. Among the general disclosure 
of antigens associated with disease, mention is made of 
15 antigens associated with auto -immunity, including diabetes. 
Rheumatoid arthritis and thyroiditis. 
Summary of the Invention 

The present invention provides peptide constructs useful 
for treatment of autoimmune disease, asthma, allergy, and 
20 tissue transplantation rejection (including both host-versus- 
graft and graf t-versus-host rejection), which differ from the 
above approaches used with antigenic peptide alone.. The novel 
constructs bind in an antigen specific manner and redirect the 
T cell in the direction of a nondeleterious autoimmune 
25 response, primarily from a Thl to a Th2 immune response, but 
where advantageous, primarily from a Th2 to a Thl immune 
response. Alternatively, the novel constructs include one 
peptide component which will bind to T cells associated with 
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autoimmune disease, asthma, allergies or host versus graft or 
graft versus host rejection while a second peptide component 
will bind to sites on the T cells which will preclude the 
normal sequence of events required for cell activation thereby 
5 initiating an abortative T cell modulation resulting in cell 
anergy and apoptosis. 

Specifically, the novel peptides of this invention 
include peptide constructs of the following formula (I) : 

10 where is a peptide associated with autoimmune disease, 

allergy or asthma, or tissue transplantation rejection and 
which will bind to an antigen receptor on a set or subset of 
T cells; 

Pg is an immune response modifying peptide whiclx will (i) 
15 cause a directed immune response by said set or s\ibset of T 

cells to which the peptide P^ is attached or (ii) bind to a T 
cell receptor which will cause said set or subset of T cells 
to which the peptide Pj, is attached to initiate, but not 
complete, an immune response causing said set or subset of T 
20 cells to undergo anergy and apoptosis; and 

X is a direct bond or linker for covalently bonding and 

The present invention also provides a first method for 
treating or preventing inappropriate autoimmune response in 
25 individuals at risk for autoimmune disease, allergic 

reactions, asthma or host-graft or graft-host rejection. 
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wherein a pharmacologically effective amount of a peptide 
construct of f ornnila (I) is administered to the individual to 
effectively eliminate the set or subset of T cells involved in 
the autoimmune response* 
5 The present invention also provides a second method for 

modulating an inappropriate autoimmune response in individuals 
at risk for autoimmune disease, allergic reactions, asthma or 
host-graft or graft-host rejection, wherein a 
pharmacologically effective amount of a peptide construct of 
10 formula (I) is administered to the individual to redirect the 
autoimmune response from a Thl to a Th2 immune response, or 
from a Th2 to a Thl immune response, whereby the inappropriate 
autoimmune response is modulated to decrease or eliminate the 
adverse effects associated with the inappropriate autoimmune 

15 response. 

Detailed Description of the Invention 

It has been reported that the, "failure of mature CDS 
cells to simultaneously engage their TCR and CDS coreceptor 
triggers an activation process that begins with inhibition of 

20 CDS gene expression through remethylation and concludes with 
up-regulation of surface fas and fas ligand and cellular 
apoptosis" (G. A. Pestano, et al, 1999, Science, 284 :1187). 
This is consistent with the results of others where if full 
engagement of certain very major cor ecep tors are not effected 

25 then an activation process, but abortative in nature, leading 
to apoptosis occurs (see also P. Gogblak, et al, 199 6, 
Immunol. Let. 54:135; Grakoui, et al, 1999, Science, 284:221; 
Malissen, 1999, Science, 285:207; S. Redpath, et al, 1999, J. 

10 
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Immunol., 163:6; T. Preckel, et al, 1998, Eur. J. Immunol., 
28:3706; S. Sambhara, et al, 1991, Science, 252:1424 ; H. 
Kishimoto, et al, 1999, J. Immunol., 163:1817; Kubo, et al, 
1999, J. Immunol., 163:2432). Therefore, a different approach 
5 would be to have a modulation but not with a full sequence of 
events, the construct binding in an antigen specific maimer 
with the antigenic epitope but the TCBL ligand binding to a 
site on another molecule associated with certain early events 
that are early intermediates in the full expression pathway 

10 thereby occupying the space and causing an early evezit in the 
process of activation (such as Ca** flxix, activation of various 
phosphatases, membrane migration events, such as "patching" or 
"capping", changes in RNA metabolism) but not supporting the 
complete activation process which can be thought of as 

15 culminating by antigen specific non- antibody mediated 

Cytotoxic T Lymphocyte activity such as killing of infected or 
toimor cells, DNA synthesis and cell division, and cytokine 
secretion, namely, without allowing the ultimate tertiary 
complex of binding events (MHC, antigen TCR and CD4 (or CDS) ) 

20 necessary for full activation by being out of the nozrmal 

temporal sequence of events. Perhaps this early binciing would 
be of such strength that it does not disassociate and allow 
the cell surface rearrangement necessary for the full and 
normal sequence of modulatory events, such as, proliferation 

25 or secretion of late cytokines such as Fas, TNF-a or IFN-y 
thereby prohibiting events found in an autoiiramine disease 
associated pathway with complete T cell activation. For 
example, initially after antigen binding to the TCR ICAM-1 
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(also known as CD54) on APC binding to a T cell's LFA-l (also 
known as CDlia/CD18) and then is shifted away and a 
rearrangement with clustering of the MHC and antigenic 
peptides on APC binding eventually by migration on T cell 
5 membrane to a clustering of TC and CD4 (or CDS) (B. Malissen, 
1999, science, 285:207; A. Grakoui, et al, 1999, Science, 
285:221). 

According to one embodiment of this invention, such 
rearrangement is prevented by the close association in a 

10 peptide construct using a TCBL from ICAM-1, LFA-3 (aa26-42) , 
VLWKKQKDKVAELENSE (SEQ ID NO: 4) (L. Osborn, et al, 1995, JEM, 
181:429), by either the disparity in the temporal binding or 
higher strength of binding activity, thereby preventing the 
rearrangements and other more intimate interactions necessary 

15 for activation. Initially these sites are close together but 
normally rearrangements on the T cell surface occur during the 
activation process so by preventing this shift activation 
should not occur. . Likewise, a TCBL from CD4 that binds to the 
TCR and CD3 may be used as the TCBL in the peptide construct 

20 of this invention. Its binding to the T cell recognition site 
will inhibit subsequent events from occurring (MHC II with CD4 

or p-2 with CDS) . 

Still another approach is a construct which redirects the 
immune response initiated by the natural autoimmune inducing 
25 event from a THl to a TH2 response (see, e.g., Lowrie, et al, 
1999, Nature, 400:269; R. Tisch, et al, 1999, J. Immunol., 
163:1178). AS used herein, a TH2 directed response is one 
which directs the imnune response toward the TH2 direction. 

12 
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thus favoring production of more IL-5, TNF -a- cytokines 

and antibody isotypes IgGl and IgG3 in mice (or comparables in 
man) as opposed to Thl, where the immune response favors 
production of XFN-y , IL-2, IL-6, IL-12 cytokines and antibody 
5 isotypes IgG2a and IgG2b in mice and Cytotoxic T cell 

activity. It is tinderstood, of course, that a "TH2 directed 
response" is not intended to imply an exclusively TH2 
response, but rather a mixed immune response which ±s weighted 
to favor a TH2 profile. 

10 According to this embodiment a TCBL associated with TH2 

responses; e.g., peptide G f rom MHC class II (D. Zinunerman, et 
al, 1996, Vacc. Res., 5:91, 5:102; K. Rosenthal, et al, 1999, 
Vaccine) , IL-4 or IL-S or peptides known to stimulate 11-4 or 
IL-5 synthesis are used as the TCBL along with the autoimmune 

15 inducing peptide (see, e.g.. Hammer, et al, Krco, etal, Araga, 
et al, Ota, et al, Ruiz, et al, Yoon, et al, supra, Dittel, et 
al, 1999, J. Immunol., 163:32; Gautam, et al, 1998, or. 
Immunol., 161:60, the disclosures of which are incorporated 
herein by reference thereto) in the peptide conjugate. These 

20 peptide constructs may be used, for example, to treat type I 
diabetes. In an animal model the mechanism of diabetes 
prevention in the RIP-NP model was shown to be mediated by 
insulin p -chain, and 11-4 producing regulatory cells acting as 
bystander suppressors (D. Homann, et al, 1999, J. Inmuinoi., 

25 163:1833). Such redirection of immune responses have been 

previously reported by a DNA vaccine for TB which redirected 
the immune response from an inefficient response TH2 to a 
response that was a very effective Thl (Lowrie, et al, 1999, 

13 
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Nature, 400:269). Thus, redirecting an already existing 
immune response from a THl to a TH2 would be effective for 
treating autoimmune related diseases. A TCBL involved in CD28 
costimulation (Kubo, et al, supra) could also be effective for 
this purpose. If, on the otherhand, the need was to redirect 
from a TH2 to a THl, much less likely to be needed since many 
autoimmune conditions are thought to be the manifestation of 
deleterious THl effects, then a TCBL such as peptide J 
DLLKNGERIEKVE (SEQ ID NO: 51) (D. Zimmerman, et al, supra; 
K. Rosenthal, et al, supra) or ones known to stimulate IL-2 or 
IL-12 synthesis, would be used along with the autoimmune 
inducing peptide. 

Yet another approach is to use the peptide construct to 
not activate the normal immune process but to activate the 
process leading to apoptosis of the T cell by using as the 
TCBL a ligand that binds to a site on the T cell whose normal 
binding and activation leads to apoptosis of the T cell; such 
as the TNF- receptor of the T cell, in which the TCBL would be 
the TNF-a ligand portion. Examples of such TNF peptides known 
to activate macrophages are amino acids 7 0-80 PSTHVLITHTI (SEQ 
ID NO:5) (W. J. Britton, et al, 1998, I & I, 66:2122) and 
perhaps the antagonist peptide represented by DFLPHYKNTSLGHRP 
(SEQ ID NO: 6) of another region (C. Chirinos-Rojas , et al, 
1998, J. Immunol., 161:5621) • It has been suggested in WO 
99/36903A1 that the H4-1--BB Ligand is useful as a treatment 
for autoimmune disease similar to uses for flt3-L and CD40L; 
therefore, H4-1BB may also be used as TCBL for inclusion with 
autoimmune antigens to form the inventive peptide construct. 

14 
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Other such TCBL examples are available from application with 
Fas and Pas-ligand including the noncleavable Fas-ligand (WO 
99/36079A1) . 

Since autoimmune reactive cells in disease are most 
5 likely already activated and may be expressing Fas (Y. Tomita, 
et al, 1996, Int. J. Can., 68:132; B. Lie, et al, 1996, Biol. 
Pharma. Bui. 19:1602) the Fas-Ligand or the sequence obtained 
by reverse engineering technique to determine amino acid (aa) 
sequence acting as receptor for DEVD-^aldehyde or YVAD 

10 chloromethylketone, may also be used as the TCBL. 

Representatives from another pair, IFN-y and the IFN-y ligand 
can also be used as TCBLs in the invention peptide constructs. 

In this invention the antigenic peptide and the peptide 
for T cell binding (TCBL) may be directly linked together in 

15 any order (i.e., N-terminal of one to C-terminal of other or 
vice versa) or the peptide may be covalently bonded by a 
spacer or linker molecule. With regard to linkers between the 
two domains, suitable examples include a thioether bond 
between an amino terminus bromoacetylated peptide and a 

20 carboxyl terminus cysteine, often preceded by a diglycine 

sequence (D. Zimmerman, et al, supra) , carbodiimide linkages, 
a multiple glycine, e.g., from 3 to 6 glycines, such as 
triglycine, with or without one or two serines, separation 
between the two entities, e.g., GGGS (SEQ ID NO:7) , GGGSS (SEQ 

25 ID NO. 8), GGGGS (SEQ ID NO : 9 ) , GGGGSS (SEQ ID NO. 10), GGGSGGGS 
(SEQ ID NO: 11), etc., and other conventional linkages, such 
as, for example, the direct linkages such as, EDS, SPDP, and 
MBS, as disclosed in the aforementioned U.S. 5,652,3 42. 
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Thus, the peptide constructs of this invention may be 
conveniently represented by the following formula (I) : 

where is a peptide associated with autoimmune disease, 
5 allergy or asthma, or transplantation rejection and which will 
bind to an antigen receptor on a set or subset of T cells; 

P2 is an immune response modifying peptide which will bind 
to T cells to cause a directed immune response by said set or 
subset of T cells to which the peptide P^ is attached or which 
10 will bind to a T cell receptor which will cause said set or 
subset of T cells to which the peptide P^ is attached to 
initiate, but not complete, an immune response causing said 
set or subset of T cells to undergo anergy and apoptosis; and 

X is a direct bond or linker for covalently bonding and 

15 P2. 

The TCBIi portion of the immunomodulatory peptide 
construct of this invention, i.e., P2# may comprise a. 
discontinuous epitope composed of two small regions separated 
by a loop or by a single chain short peptide in place of the 

20 loop (D. Shan, et al, 1999, J. Immunol., 162:6589). For 

example, an eight amino acid group, LRGGGGSS (SEQ ID NO: 12), 
of 11.2 Angstroms in length (U. Reineke, et al, 1999, Nature 
Biotechnologry, 17:271) has been used to form a single peptide 
from two smaller discontinuous peptides of IL-10, thereby 

25 forming a TCBL which could be used for redirection from a THl 
to a TH2> in combination with, for example, the IDDM, PV or MS 
inducing epitopes (see Hammer, et al, supra, Tisch, et al, 
supra) . Linkers of varying lengths to form a single chain may 
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be used, for example, GGGS (SEQ ID NO:7), GGGGS (SEQ ID N0:9) , 
including, from among 1 or more repeats of this tetrapeptide 
or pentapeptxde, e.g., GGGSGGGS (SEQ ID NO: 11), GGGSGTGSGSGS 
(SEQ ID NO: 52) (See, Uger, et al. The J. of Immtinology , 
5 162:6024-6028, 1999) etc. Such linkers may result in a 

tertiary structure which might be of use to form a more avid 
TCBL (see D. Shan, et al, supra) . 

Although not strictly limited, the peptide constructs of 
this invention may have as many as about 200 emiino acids in 

10 its sequence, preferably up to about 150 amino acids, and 

especially, up to about 100 amino acids. The minimum number 
of amino acids is also not strictly limited but usually each 
of the peptide components and will have at least about 4, 
preferably at least about 6, and more preferably at least 

15 about 8 or 9 sunino acids in order to provide the appropriate 
epitope configuration for effectively binding to the 
appropriate site on the T cells of interest. Thus, the 
peptide constructs of this invention will usually contain from 
about 20 to about 100 or more amino acids. 

20 The peptide constructs may be prepared using conventional 

solid state peptide synthesis, provided however, that for 
constructs having more than about 40 amino acids, especially 
more than about 50 amino acids, it is usually convenient and 
preferred to prepare shorter segments and then link the 

25 shorter segments using well known techniques in solxd phase 
peptide synthesis. 
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Alternatively, the peptide constructs of this Invention 
may be prepared using well known genetic engineering methods. 

Further details on methods for producing the instant 
peptide constructs can be gleaned from the aforementioned U.S. 
5 5,652,342. 

The novel peptide constructs of this invention can also 
be used to treat transplant recipients, for example, for 
heart, liver, lung and kidney, who are either undergoing or at 
risk for rejection of the transplant (Host versus Graft or 

10 HvG) . in this case, the peptide antigen (s) used to make the 
construct would be the major epitope (s) of the graft combined 
with a TCBL as described above to either suppress or redirect 
the immune response. As one of the major sources of antigenic 
materials causing the HvG are thought to be the MHC proteins 

15 and, in particular, the polymorphic regions that are from the 
graft tissue and recognized by the host's MHC, pept±<aes from 
those regions of the graft's MHC molecules would be likely 
candidates for the antigenic epitope portion. Other regions 
of potential usefulness include polymorphic regions of the 

20 minor histocompatability antigens. TCBLs can be selected 

from, but are not restricted to the following LFA-3 or FasL 
described above (see, B. Lie, et al or Y. Tomita, et al, 
supra) . Peptide G (SEQ ID NO: 15) from the MHC II molecule, or 
Hu IL-10 (SEQ ID NO:28) (B. Cesser, et al, 1998, PNAS, 

25 94:14620? Lie, et al, supra, and Y. Tomita, et al, supra) may 
be selected for redirection of iramtine responses. 
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As activated T cells normally express MHC molecules, 
anotlier way o£ Inmiunomodulatlon Is to take advantage of the 
programmed pathway established by antigen addition. T cells 
which receive a signal from the TCR and the MHC I to CD-8* 
5 cells ixnderg-o apoptosis without other costimulatory signals 

(S. Sambhara, et al, 1991, Science, 252:1424). Therefore, the 
TCBL, peptide E, (the a3 domain amino acids 223-229 of the 
human MHC X conserved region can be used along with t:he 
autoimmune epitope to form a peptide construct according to 

10 another embodiment of this invention* 

The peptide constructs of this invention may be used as 
or in vaccines as therapeutic agents for treatment of 
autoimmune disease or HvG. The vaccines will be administered 
often but not always with an adjuvant and on a regular regimen 

15 such as weekly, biweekly, monthly, cjuarterly, semi-annually or 
annually by one of the following routes, ID, IM or Sixb-cu and 
perhaps also as a cutaneous transdermal or nasal delivery 
vehicle in amounts of from 1-100, usually 10-50, micrograms 
per kilogram of body weight. 

20 If a binding site is known on the target T cell with a 

defined amino acid sequence and the TCBL amino acid sequence 
on the ligand is not known then determination of the DNA 
encoding for the peptide would allow for determination of the 
cDNA and thus the complementary peptide seqnJLence using the 

25 technique of Lie, et al, supra, for example. 
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In general, the TCBL's (Pg) used to form the peptide 
constructs of this invention will be selected from those for 
normal induction and modulation of immune responses, including 
those selected to effect redirection from Thl or Th2 , 
5 including, for example, those that are known to be related and 
involved in the normal events of activation, namely,. IL-2, 
IL-10, IL-12, IL-4, IL-lp 163-171 (VQGEESNDK (SEQ ID NO: 13)) 
(see, e.g., K. Bajpai, et al, 1998 Immunopharmacology , 38:237; 
W. Beckers, et al, 1993, J. Immunol., 151:1757; D. Fresca, et 

10 al, 1988, J. Immunol., 141:2651; G. Antoni, et al, 1986, J. 
Immunol, 187:3201), and most likely derived from the final 
complexes (MHC-I or II and CDS or CD4) TCR and antig-enic 
peptide. Examples of TCBLs that are associated with, earlier 
activation events, include for example. Fas and FasL , TNF-a 

15 and TNF-oR and those for formation of early intermediate 
complexes and LFA-3 and CD2. 

Examples of antigens associated with autoimmune disease, 
allergy, asthma, and transplantation rejection, include, for 
example, those mentioned above, including the Backgiround 

20 discussion and those shown in the following, non-1 imitating, 
representative examples, as well as in the literature 
references cited herein, the disclosures of which are 
incorporated herein, in their entirety, by reference thereto. 
Additional examples, may also be found in the following 

25 literature, C. de Lalla, et al, 1999, J. Immunol., 163:1725 
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(Lol p5a allergen from rye grass); A. M. Gautam, et slI, 1998, 
J, Immunol., 161:60 (experimental autoimmune 
encehpalomye litis) ; as well as many others available to the 
practitioner • 

5 The invention will now be described in further <aetail by 

way of representative examples, however, the present invention 
is not limited to the examples and should be construed to 
cover the subject matter as defined in appended claims and 
equivalents thereto . 

10 Example 1 

A conjugated peptide 
NGQEEKAGWSTGLIGGGDSAPDVLSFTAEEKAGVYK (SEQ ID NO: 14) is 
obtained by covalently bonding Peptide G (NGQEEKAGWSTGLI (SEQ 
ID NO: 15)) with the cardiac myosin molecule Myl 

15 (DSAFDVLSFTAEEKAGVYK (SEQ ID NO: 16)) via a GGG spacer. This 
peptide construct 

NGQEEKAGWSTGLIGGGDSAFDVLSFTAEEKAGVYK (SEQ ID NO: 14) 

can be used in a vaccine for treatment or prevention of 
myocarditis . 

20 Example 2 

Addison's disease is characterized with an immune reation 
to the enzyme steroid 21 hydroxylase (210H) with implication 
of a conformational epitope composed of peptides from the 
regions at 447-461 and 471-491 (see Nikoshkov et al, 1999, J. 
25 Immunol. 162:2422). Accordingly, the following peptide 
construct would be useful in the treatment of Addison's 
disease and combines the conformational epitope peptides from 
aa447-461 and aa474-491 of the enzyme steroid 21 hydroxylase 
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(210H) as a single chain linked with LRGGGGSS (SEQ ID NO:12) 
and the linked peptides are bounded via a GGGGS (SEQ ID NO: 9) 
linker with a LFA-3 peptide (e.g., VLWKKQKDKVAELENSE (SEQ ID 
NO:4), aa 26-42 (see L. Osborn et al , J. Exp. Med. 181:429). 
Accordingly, the peptide construct will have the following 
formula: 

VLWKKQKDKVAELENSE -GGGGS - 210H44,_46i -LRGGGGSS -210H477_49i 
LFA-328.42 linker 210H„7-46i linker 210H4„_^»x 

(SEQ ID NO: 17) 

Excunple 3 

The following construct will be useful in the treatment 
of myasthenia gravis: A TCBL from IL-10, a^.^z-ieo AYMTMKIRN 
(SEQ ID NO: 18) (see Cesser, et al, 1997, Proc. Nat. Acad. Sci. 
94:14620) is linked to an epitope associated with 
acetylcholine receptor (AchR) , EIIVTHFPFDEQNCSMK (SEQ ID 
NO:19), aal29-145 (see, H. Yoshikawa et al 1997' J. Immunol 

159:1570) to form 

AYMTMKIRN-GGGGS-EIIVTHFPPDEQNCSMK 

Hu-IL-10„2.i«o linker AchRia^.^^ (SEQ ID NO s 20) 

Similar results can be obtained by using as the TCBL , in place 
of Hu-IL,„.«o. the MHC I a3 domain peptide 223-229 (DQTQDTE 
(SEQ ID NO: 21)) that binds to the CDS molecule, to form the 
following construct: 

DQTQDTE - GGGGS - EIIVTHFPFDEQNCSMK «x 
MHC-la223.2„ linker AchRias-ws (SEQ ID NO: 22) 

Example 4 

Rheumatoid arthritis (RA) , is a condition where excess 
Tumor necrosis factor-a (TNF-a) production is a problem and a 
major point of attack for new treatments. The following 
peptide construct is prepared for use in the treatment of RA: 

22 
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PSTHVLITHTI-GGG-IAGFKGEQGPKGE 

TNF-o^o-eo linker C-II390-402 (SEQ ID NO: 23) 

where the peptide TNT-o^o.^ is known to activate macx^ophages 

(10) and the collagen type II peptide C-II390-402 ( I AGKKGEQGPKGE 

5 (SEQ ID NO:40)) is an epitope associated with RA, Thus, this 

peptide construct will be useful to achieve abortat±ve T cell 

modulation since the improper sequence of events occurs with a 

binding that precludes the normal activation process. 

Similar effects will be achieved using a pepti<ae 

10 construct similar to the above but obtained by using, in place 

of TNP-a peptide cl^^^^q, the following: TNF-a antagonist: 

DFLPHYKNTSLGHRP (SEQ ID NO: 24) (see C. Chirinos-Ro j as et al, 

J. Immunol 161:5621), namely, 

DFLPHYKNTSLGHRP -GGG- lAGFKGEQGPKGE 
15 TNF-a^,^^.^p.p^ spacer C-II390.402 (SEQ ID NO: 25) 

Example 5 

As a different approach for treating RA the following 
peptide construct is prepared utilizing peptide G or a 
derivative thereof (derG) (DGQEEKAGWSTGLI (SEQ ID NO: 50)) 
20 from MHC-IIP2 (135-149) to redirect the immune response from a 
THl to a TH2 : 

NGQEEKAGWSTGLI - GGGGS - lAGFKGEQGPKGE 

G(MHC-IIP2) linker C-II390-402 (SEQ ID NO: 26) 

or 

25 DGQEEKAGWSTGLI - GGGGS - lAGFKGEQGPKG 

derG(MHC-Iip2) linker C-II390.402 (SEQ ID NO:27) 
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Example 6 

Another example of a peptide construct according- to this 
invention for redirecting the irnraune response from a THl to a 
TH2, is used in the treatment of autoimmune myocarditis is 
5 obtained by linking as a TCBL the single chain construct (see 
D. Shan et al, 1999, J. Immunol., 162:6589) using the 
discontinuous regions of Hu IL-10 having the sequence 
DNQLLETCKQDRLRNRRGNGSSTHFEGNLPC (SEQ ID NO: 28) with the 
cysteines at aa8 and 31 cyclized in a disulfide bond ring 
10 (see, e.g., U. Reinke et al, 1999, Nature Biotechnology, 
17:271) linked via a GGGGS (SEQ ID NO: 9) spacer to an 
autoimmune epitope from My-1 from murine cardiac myosin (see 
D. L. Donermeyer, et al, 1995. J. Exp. Med., 182:1291) or the 

hiunan counterpart: 

15 DNQLLETCKQDRLRNRRGNGSSTHFEGNLPC -GGGGS -DSAFDVLSFTAEEKAGVYK 

Hu IL-10 discontinuous epitopes linker My- 1334.352 

(SEQ ID NO: 29) 
Example 7 

This example shows a peptide construct for treating 
20 autoimmune response associated with the myelinproteo lipid 
protein (MPLP) having the sequence VHFFKNIVTPRTP (SEQ ID 
NO: 41) using the Mac-la^s-zzs TCBL: 

DOTODTE - GGGGS S -VHFFKNIVTPRTP 
MHC linker MPLP 

,c -To. (SEQ ID NO: 30) 

25 ■«-«223-229 
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Example 8 

This example illustrates an embodiment of a peptide 

construct useful in treating an autoimmune disease, 

thrombosis, by allowing initiation of an immune response but 

5 not allowing full development and completion. 

In particular, the peptide GDKVSFFCKNKEKKC (SEQ ID N0:3) 

for antiphospholipid (PL) antibodies associated with 

thrombosis (see Gharavi, et al, 1999, J. Immunol. 163:2922) is 

linked to a MHC-I TCBL as previously described: 

10 DQTQDTE - GGGGS S - GDKVS FFCKNKEKKC 

MHC-Ia223-229 linker PL (SEQ ID NO: 31) 

Example 9 

This example illustrates a peptide construct for 
redirecting the immune response from IgE to another more 

15 benign immune response. Similar peptide constructs to that 
shown below would be useful to treat various allergic 
conditions resulting from allergy epitopes, including, for 
example, pollens, such as from grasses and trees; venoms, such 
as from bee venom; danders such as from cow, cat, dog, rabbit, 

20 mouse, rat, and other household pets; and dust mite antigens, 

simply by replacing the exemplified Bos d2 allergen peptide 

with the appropriate allergen peptide. 

DOTODTE- GGGGSS -YQQLNSERGVPNENIEN 

MHC-la223.229 linker Bos d2^.^« <SEQ ID NO: 32) 

25 where Bos d2i3i.i48 (YQQLNSERGVPNENIEN (SEQ ID NO:42) ) is the cow 

dander allergen of Lipocalin, epitope "G" at carboxyl terminus 

(T. Zeiler et al 1999, J. Immunol. 162:1415). 
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Example 10 

Another approach to a peptide conjugate for treating 

allergic conditions is achieved with the following peptide 

conjugate which will initiate recognition and the activation 

5 process but without allowing reorientation and, therefore, 

will cause taruncation of the immune response with premature 

cessation, resulting in cell anergy and apoptosis. 

VLWKKQKDKVAELENSE-GGGGSS - IQTQMKTYSDIDGKLVSEV 

linker ParJl^^.^ (SEQ ID NO. 33) 

10 where ParJl^y^^s (IQTQMKTYSDIDGKLVSEV (SEQ ID NO: 43)) is a 

pollen antigen from the common plant from the mediterian 

region of Parietaria judaaica (R. De Palme et al J. Immunol. 

162:1836). 

Example 11 

15 Similarly to the peptide construct of Example 10, the 

following peptide constructs would similarly cause T cell 
activation followed by premature cessation of the immune 
response: 

VLWKKQKDKVAELENSE -GGGGSS - VFIKRVSNVI IHG 
20 LFA-326-42 linker Cry j 1^08^120 <SEQ ID NO: 34) 

where Cry JI47.65 (VFIKRVSNVIIHG (SEQ ID NO:44))is the Japanese 

cedar pollen antigen from Cryptomeria Japonica , aa47-65; 

VLWKKQKDKVAELENSE - GGGGSS -MKVTVAFNQFGPNRR 

LFA-326-42 linker Cry j 121x^225 <SEQ ID NO: 35) 

25 where Cry jl 211.225 (MKVTVAFNQFGPNRR (SEQ ID NO: 45)) is the 

Japanese cedar pollen antigen from Cryptomeria Japoziica, 

aa221-225 ; 

VLWKKQKDKVAELENSE -GGGGSS - lASRRVDGI I AAYQN 

LFA-326-42 linker Cry j2^^^^^ (SEQ ID NO: 36) 

26 

BNSCXDCID: <Wp 013644aA2J_> 



WO 01/36448 PCT/USOO/41646 

where Cry j 2 ^^.ao (lASRRVDGIIAAYQN (SEQ ID NO: 46)) is the 
Japanese cedar pollen antigen from Cryptomeria Japonica, Cry 

j2, aa66-80; 

VLWKKQKDKVAELENS E - GGGGSS - IDI F ASKNFHLQKNT I GTG 
5 LFA-32«.42 linker Cry j2^^^.^oo <SEQ ID NO:37) 

where Cry j2i82.2oo (IDIFASKNFHLQKNTIGTG (SEQ ID NO: 47)) is the 

Japanese cedar pollen antigen from Cryptomeria Japonica, Cry 

j2, aal82-200 (see, e.g., T. Sone, et al, 1998, J- Immunol., 

161:448) . 

10 Similarly, by replacing the allergen antigen in the above 

conjugated peptides with, for example, the allergen antigen 
from other plants, grasses and trees, other conjugated 
peptides effective in the treatment of the associated allergic 
condition will be obtained. Examples of such other allergen 

15 antigens include olive tree Olea europea pollen (located in a 
17 kDa protein, P. Lauzurica et al, 1988, Mol. Immunol. 
25:329); rye grass pollen Lolium perenne, major epitope shared 
between Lol pi, II, III (Ansari, et al, 1987, J. Immunol. 
139:4034) and Lol p Sa^^s.^^o (Schramm et al, 1999, J. Immunol. 

20 162:2406); Timothy grass pollen rPhl pi, p2, p58s-i2o P^zio- 

240 * 

Example 12 

Other peptide constructs useful in the treatment of 
allergic conditions associated with dust mite antigens, are 
25 prepared by linking TCBLs, such as LFA-3 or MHC-la, with, for 
example, fecal allergen of mite Derma tophago ides ptGronyssimus 
Der pi and related mites, known to induce an IgE reaction 
(Lind et al 1988 J. Immunol. 140:4256; Platts-Mills et al 1987 
•T. Allerg. Clin. Immunol 80:755), but redirected in accordance 

27 
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with this invention. Moreover, since it is known tliat Der pi 

and Der p9 triSTtger release of GmCSF, IL-6, IL-8, etc. (C. 

King et al 1998 J. Immunol . 161 : 3645) , these constnxcts with 

LFA-3 or MHC-la would be expected to be of benefit by the 

5 activation/ truncation mechanism leading to cell anergy and 

apoptosis as previously described. 

Example 13 

VLWKKQKDKVAELENS E - GGGGSS - YFVGKMYFNL ID 
LFA-32e.42 linker PLA A281-92 (SEQ ID NO: 38) 

10 where PLA A2ai-92 (YFVGKMYFNLID (SEQ ID NO:48)) is a bee venom 

antigen (A. Faith et al 1999 J. Immunol 162:1836) or 

DQTQDTE - GGGGSS -GIGAVLKVLTTGPALISWIKRKRQQ 
MHC-Ia linker Melittin (SEQ ID NO: 39) 

where Melittin (GIGAVLKVLTTGPALISWIKRKRQQ (SEQ ID NO: 49)) is a 

15 Honey Bee ant.igen which has been shown to induce Ig£ in about 

1/3 of bee allergic persons (T. P. King et al 1994, i7. 

Immunol. 153 :1124); are peptide constructs according to the 

invention which can be administered to bee allergic persons to 

protect such treated individuals against allergic reactions 

20 resulting from bee stings. 
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WHAT IS CLAIMED IS; 

1 Claim 1 . An immunomodulatory peptide constaruct having 

2 the formula 

3 Pi-x-Pg 

4 where is a peptide associated with autoimmune 

5 disease, allergy or asthma, or host -versus -graft rejection and 

6 which will bind to an antigen receptor on a set or subset of T 

7 cells; 

8 Pa is an immune modulating peptide which will <i) cause a 



9 directed immune response by said set or subset of T cells to 

10 which the peptide is attached or (ii) bind' to a T cell 

11 receptor which will cause said set or subset of T cells to 

12 which the peptide P^ is attached to initiate, but not complete, 

13 an immune response causing said set or subset of T cells to 

14 undergo anergy and apoptosis; and 



15 X is a direct bond or linker for covalently bonding P^ and 

16 Pg. 

1 Claim 2. The immunomodulatory peptide construct 

2 according to claim 1, wherein peptide P^ is selected from the 

3 group consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID N0:3, 

4 SEQ ID NO: 16, SEQ ID NO: 19, SEQ ID NO: 40, SEQ ID NO: 41, SEQ ID 

5 N0:42, SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO: 45, SEQ ID 

6 NO:46, SEQ ID NO:47, SEQ ID NO:48 and SEQ ID NO:49. 

1 Claim 3. The immunomodulatory peptide construct 

2 according to claim 1, wherein peptide Pg is selected from the 

3 group consisting of SEQ ID NO:4, SEQ ID NO: 5, SEQ ID NO:6, 

4 SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 50, SEQ ID NO: 18, SEQ 

5 ID NO:21, SEQ ID NO:24, and SEQ ID NO:28 and SEQ ID NO:51. 

29 

BNSOOCIO: <WO 013e44aA2_l_> 



wo 01/36448 PCTAJSOO/41 646 

1 Claim 4. The immunomodulatory peptide construct: according 

2 to claim 1, which is selected from the group consist. ±ng of 

3 SEQ ID NO:14^ SEQ ID NO:17, SEQ ID NO:20, SEQ ID NO: 22, SEQ ID 

4 NO:23, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27, SEQ ID N0:29, 

5 SEQ ID NO: 30, SEQ ID NO:31, SEQ ID NO: 32, SEQ ID NO: 33 , SEQ ID 

6 NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38 

7 and SEQ ID NO: 39. 

1 Claim 5. The immunomodulatory peptide construct 

2 according to claim 1, wherein x represents a linker comprising 

3 a sequence having from 3 to 6 glycine residues and f arom 0 to 2 

4 serine residues • 

1 Claim 6. A method for eliminating a set or subset of T 

2 cells involved in autoimmune response which comprises 

3 administering- to an individual at risk for autoimmune disease, 

4 allergic reactions, asthma or host-graft or graft-host 

5 rejection, a pharmacologically effective amount of a peptide 

6 construct of formula (I) , as set forth in claim 1, wlaereby, 

7 the autoimmtme response may be totally or substantially 

8 prevented . 

1 Claim 7 . A method for interrupting an autoimmune disease 

2 associate pathway necessary to complete T cell active. tion, 

3 comprising administering to an individual at risk for 

4 autoimmune disease, allergic reactions, asthma or host-graft 

5 or graft-host rejection, comprising administering to said 

6 individual, a pharmacologically effective amount of sl peptide 

7 construct of formula (I) as set forth in claim 1, whereby the 

8 antigenic peptide Pj^ comprises an epitope binding to sl the 
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surface of a T cell in a set of T cells or subset of T cells, 
in an antigen specific manner, and wherein the peptide 
comprises an. epitope which will bind to a T cell receptor site 
on the surface of said T cell which will cause said set or 
subset of T cells to initiate, but not complete, an immune 
response to thereby cause said set or subset of T cells to 
undergo anergy and apoptosis. 

Claim 8 . The method according to claim 7 , wherein the 
peptide cort^rises the peptide having SEQ ID NO: 4. 

Claim 9. The method according to claim 7, whorein the 
peptide P2 comprises a peptide selected from the group 
consisting of SEQ ID NO: 5 and SEQ ID NO: 6. 

Claim 10. A method for modulating an inappropriate 
immune response in an individual at risk for autoimmune 
disease, allergic reactions, asthma or host-graft or graft- 
host rejection, comprising administering to said individual a 
pharmacologically effective amount of a peptide construct of 
formula (I) , as set forth in claim 1, whereby the aiitoiramune 
response is redirected from a Thl to a Th2 immune response, 
thereby modulating the inappropriate immune response to 
decrease or eliminate the adverse effects associated with the 
inappropriate autoimmune response. 

Claim 11. The method of claim 10, wherein the peptide Pj 
comprises a peptide selected from the group consisting of SEQ 
ID NO: 15 and SEQ ID NO: 50. 
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1 Claim 12. A method for modulating an inappropriate 

2 immune response in an individual at risk for autoimmune 

3 disease, allergic reactions, asthma or host-graft or graft- 

4 host rejection, comprising administering to said individual a 

5 pharmacologically effective amount of a peptide construct of 

6 formula (I), as set forth in claim 1, whereby the autoimmune 

7 response is redirected from a Th2 to a Thl immune response, 

8 thereby modulating the inappropriate immune response to 

9 decrease or eliminate the adverse effects associated with the 
10 inappropriate autoimmune response. 

1 Claim 13. The method of claim 12, wherein the peptide 

2 comprises the peptide having SEQ ID NO:21 or SEQ ID N0:S1. 
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Raw Sequence Listing 

Sequence Listing 

(1) GENERAL INFORMATION 

(i) APPLICANTS: GEL- SCI CORPORATION 

(ii) TITLE OF INVENTION: METHODS OF PREPARATION AND COMPOSITION 
OF PEPTIDE CONSTRUCTS USEFUL FOR TREATMENT OF AUTOIMMUNE 
AND TRANSPLANT RELATED HOST VERSUS GRAFT CONDITIONS 

(iii) NUMBER OF SEQUENCES: 52 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Law Office of Sherman and Shalloway 

(B) STREET: 413 N. Washington Stireet 

( C ) C ITY : Al exandr i a 

(D) STATE: Virginia 

(E) COUNTRY: USA 

(F) ZIP:22314 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette, 5,25 inch, 3 60 kb storage 

(B) COMPUTER: Dell System 210; Intel 80 286 
Microprocessor 

(C) OPERATING SYSTEM: MS DOS 6.2 

(D) SOFTWARE :Word Perfect, Version 5.1 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: UNAS SIGNED 

(B) FILING DATE: CONCURRENTLY HEREWITH 

(vii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: Richard A. Steinberg 

(B) REGISTRATION NUMBER: 26, 588 

(C) REFERENCE /DOCKET NUMBER: CS-1 11 /PCT 
(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (703) 549-2282 

(B) TELEFAX: (703) 836-0106 
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(2) INFORMATION FOR SEQ ID NO: 1: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(il) MOLECULE TYPE: amino acid 
(v> FRAGMENT TYPE: internal 
(ix) FEATURE: 

(A) NAME/KEY: rheumatoid arthritis type II 

(B) LOCATION: 390-402 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

lie Ala Gly Phe Lys Gly Glu Gin Glu Pro Lys Gly Glu 

5 10 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH'S 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE:amino acid 
(v) FRAGMENT TYPE ; internal 
(ix) FEATURE: 

(A) NAME/KEY: myelin proteolipid 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Lys Asn lie Val Thr Pro Arg Thr 

5 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE: internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Gly Asp Lys Val Ser Phe Phe Cys Lys Asn Lys Glu Lys Lys Cys 

5 10 15 

2 
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(2) INFORMATION FOR SEQ ID NO : 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 

(B) TYPE: amino acid 
(C> TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAOIENT TYPE: internal 
(ix> FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Val Leu Trp Lys Lys Gin Lys Asp Lys Val Ala Glu Leix Glu Asn 

5 10 15 

Ser Glu 

(2) INFORMATION FOR SEQ ID NO : 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Pro Ser Thr His Val Leu lie Thr His Thr lie 

5 10 

(2) INFORMATION FOR SEQ ID NO : 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE: internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

ASP Phe Leu Pro His Tyr Lys Asn Thr Ser Leu Gly His Arg Pro 

5 10 15 

(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
Gly Gly Gly Ser 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE:amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Gly Gly Gly Ser Ser 

5 

(2) INFORMATION FOR SEQ ID NO: 9: 
(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

4 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Gly Gly Gly Gly Ser 

5 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 

(B) TYPE: amino acid 

( C ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: amino acid 
(v) FRACTIENT TYPE: internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Gly Gly Gly Gly Ser Ser 

5 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 

(B) TYPE: amino acid 

( C ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE: internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Gly Gly Gly Ser Gly Gly Gly Ser 

5 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 

(B) TYPE: amino acid 

( C ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE: internal 
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(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 12 : 

Leu Arg Gly Gly Gly Gly Ser Ser 

5 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 13: 

Val Gin Gly Glu Glu Ser Asn Asp Lys 

5 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 

(B) TYPE: amino acid 

( C ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE: internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Asn Gly Gin Glu Glu Lys Ala Gly Val Val Ser Thr Gly Leu lie 

5 10 15 

Glu Glu Glu Asp Ser Ala Phe Asp Val Leu Ser Phe Thr Ala Glu 

20 25 30 

Glu Lys Ala Gly Val Tyr Lys 

35 
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(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 

(B) TYPE: amino acid 

( C ) TOPOLOGY ; 1 inear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Asn Gly Gin Glu Glu Lys Ala Gly Val Val Ser Thr Gly Leu lie 

5 10 15 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE; amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DErCRIPTION: SEQ ID NO: 16: 

Asp Ser Ala Phe Asp Val Leu Ser Phe Thr Ala Glu Glu Lys Ala 

5 10 15 

Gly Val Tyr Lys 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME /KEY: 

(B) LOCATION: 
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(C) OTHER INFORMATION :Xaa at position 23 represents amino acid 
residues numbers 447 to 461, inclusive, and Xaa at position 32 
represents amino acid residues number 477 to 491, inclusive, of 
enzyme steroid 21 hydroxylase 
(xi) SEQUENCE DESCRIPTION : SEQ ID NO : 17 : 

Val Leu Trp Lys Lys Gin Lys Asp Lys Val Ala Glu Leu Glu Asn 

5 10 15 

Ser Glu Gly Gly Gly Gly Ser Xaa Leu Arg Gly Gly Gly Gly Ser 

20 25 30 

Ser Xaa 

(2) INFORMATION FOR SEQ ID NO : 18 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: amino acid 

( C ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE: internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Ala Tyr Met Tlir Met Lys lie Arg Asn 

5 

(2) INFORMATION FOR SEQ ID NO : 19 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 19 : 

Glu lie lie Val Thr His Phe Pro Phe Asp Glu Gin Asn Cys Ser 

5 10 15 

Met Lys 



8 



BNSOOCID: <WO 013644aA2_l_> 



wo 01/36448 



PCT/USOO/41646 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE : amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAMB/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 

Ala Tyr Met Tlir Met Lys lie Arg Asn Gly Gly Gly Gly Ser Glu 

5 . 10 15 

lie lie Val Tlir His Phe Pro Phe Asp Glu Gin Asn Cys Ser Met 

20 25 30 

Lys 

(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH:? 

(B) TYPE: amino acid 

( C ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

Asp Gin Thr Gin Asp Thr Glu 

5 

(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE : amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 
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(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 22: 

Asp Gin Thr Gin Asp Thr Glu Gly Gly Gly Gly Ser Glu He He 

5 10 15 

Val Thr His Phe Pro Phe Asp Glu Gin Asn Cys Ser Met Lys 

20 25 

(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

Pro Ser Thr His Val Leu He Thr His Thr He Gly Gly Gly He 

5 10 15 

Ala Gly Phe Lys Gly Glu Gin Gly Pro Lys Gly Glu 

20 25 

(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

Asp Phe Leu Pro His Tyr Lys Asn Thr Ser Leu Gly His Arg Pro 

5 10 15 

(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEasrGTH:31 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
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(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

Asp Phe Leu Pro His Tyr Lys Asn Thr Ser Leu Gly His Arg Pro 

5 10 15 

Gly Gly Gly lie Ala Gly Phe Lys Gly Glu Gin Gly Pro Lys Gly 

20 25 30 

Glu 

(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

Asn Gly Gin Glu Glu Lys Ala Gly Val Val Ser Thr Gly Leu lie 

5 10 15 

Gly Gly Gly Gly Ser He Ala Gly Phe Lys Gly Glu Gin Gly Pro 

20 25 30 

Lys Gly Glu 

(2) INFORMATION FOR SEQ ID NO : 27 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE: internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

Asp Gly Gin Glu Glu Lys Ala Gly Val Val Ser Thr Gly Leu He 

5 10 15 

Gly Gly Gly Gly Ser He Ala Gly Phe Lys Gly Glu Gin Gly Pro 

20 25 30 

Lys Gly Glu 
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(2) INFORMATION FOR SEQ ID NO:28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE: internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28: 

Asp Asn Gin Leu Leu Glu Thr Cys Lys Gin Asp Arg Leu Arg Asn 

5 10 15 

Arg Arg Gly Asn Gly Ser Ser Thr His Phe Glu Gly Asn. Leu Pro 

20 25 30 

Cys 

(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 55 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear with Cys disulfide bond r±ng at aaS and 
aa31 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 

Asp Asn Gin Leu Leu Glu Tlxr Cys Lys Gin Asp Arg Leu Arg Asn 

5 10 15 

Arg Arg Gly Asn Gly Ser Ser Thr His Phe Glu Gly Asn Leu Pro 

20 25 30 

Cys Gly Gly Gly Gly Ser Asp Ser Ala Phe Asp Val Leu Ser Phe 

35 40 45 

Thr Ala Glu Glu Lys Ala Gly Val Tyr Lys 

50 55 
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(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 

(B) TYPE: amino acid 

( C ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE: internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 

Asp Gin Thr Gin Asp Thr Glu Gly Gly Gly Gly Ser Ser Val His 

5 . 10 15 

Phe Phe Lys Asn lie Val Thr Pro Arg Thr Pro 

20 25 

(2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) L£aT6TH:28 

(B) TYPE: amino acid 

( C ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 

Asp Gin Thr Gin Asp Thr Glu Gly Gly Gly Gly Ser Sear Gly Asp 

5 10 15 

Lys Val Ser Phe Phe Cys Lys Asn Lys Glu Lys Lys Cys 

20 25 

(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE: internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 
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(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 32: 

Asp Gin Thr Gin Asp Thr Glu Gly Gly Gly Gly Ser Sear Tyr Gin 

5 10 15 

Gin Leu Asn Ser Glu Arg Gly Val Phe Asn Glu Asn 11^ Glu Asn 

20 25 30 

(2) INFORMATION FOR SEQ ID NO: 33: 
(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 

(B) TYPE:axiilno acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRACaiENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 

Val Leu Trp Lys Lys Gin Lys Asp Lys Val Ala Glu Leii Glu Asn 

5 10 15 

Ser Gly Gly Gly Gly Gly Ser Ser lie Gin Tlir Gin Met. Lys Thr 

20 25 30 

Tyr Ser Asp Xle Asp Gly Lys Leu Val Ser Glu Val 

35 40 

(2) INFORMATION FOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KBY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 

Val Leu Trp Lys Lys Gin Lys Asp Lys Val Ala Glu Leta Glu Asn 

5-10 15 

Ser Glu Gly Gly Gly Gly Ser Ser Val Phe lie Lys Arg- Val Ser 

20 25 30 

Asn Val lie He His Gly 

35 
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(2) INFORMATION FOR SEQ ID NO: 35: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35: 

Val Leu Trp Lys Lys Gin Lys Asp Lys Val Ala Glu Leu Glu Asn 

5 10 15 

Ser Glu Gly Gly Gly Gly Ser Ser Met Lys Val Thr Val Ala Phe 

20 25 30 

Asn Gin Phe Gly Pro Asn Arg Arg 

35 

(2) INFORMATION FOR SEQ ID NO: 36: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 

Val Leu Trp Lys Lys Gin Lys Asp Lys Val Ala Glu Leu Glu Asn 

5 10 15 

Ser Glu Gly Gly Gly Gly Ser Ser lie Ala Ser Arg Arg Val Asp 

20 25 30 

Gly lie lie Ala Ala Tyr Gin Asn 

35 

(2) INFORMATION FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
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(v) FRAGMENT TYPE: internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37: 

Val Leu Trp I*ys Lys Gin Lys Asp Lys Val Ala Glu Leu Glu Asn 

5 10 15 

Ser Glu Gly Gly Gly Gly Ser Ser lie Asp He Phe Ala Ser Lys 

20 25 30 

Asn Phe His Leu Gin Lys Asn Thr He Gly Thr Gly 

35 40 

(2) INFORMATION FOR SEQ ID NO: 38: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 

(B) TYPE: amino acid 

( C ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:38: 

Val Leu Trp Lys Lys Gin Lys Asp Lys val Ala Glu Leix Glu Asn 

5 10 15 

Ser Glu Gly Gly Gly Gly Ser Ser Tyr Phe Val Gly Lys Met Tyr 

20 25 30 

Phe Asn Leu He Asp 

35 

(2) INFORMATION FOR SEQ ID NO: 39: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 

Asp Gin Thr Gin Asp Tlir Glu Gly Gly Gly Gly Ser Ser Gly lie 

5 10 15 

Gly Ala Val Leu Lys Val Leu Thr Thr Gly Pro Ala Leix He Ser 

20 25 30 

Trp He Lys Arg Lys Arg Gin Gin 

35 

(2) INFORMATION FOR SEQ ID NO: 40: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 

(B) TYPE: amino acid 

( C ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40: 

He Ala Gly Phe Lys Gly Glu Gin Gly Pro Lys Gly Glu 

5 10 

(2) INFORMATION FOR SEQ ID NO: 41: 
<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE: internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41: 

Val His Phe Phe Lys Asn He Val Thr Pro Arg Thr Pro 

5 10 

(2) INFORMATION FOR SEQ ID NO: 42: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 

(B) TYPE: amino acid 

(C) TOPOLOGY : linear 

(ii) MOLECULE TYPE: amino acid 
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(v) FRAC3MENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 42: 

Tyr Gin Gin Leu Asn Ser Glu Arg Gly Val Phe Asn Glxa Asn lie 

5 10 15 

Glu Asn 

(2) INFORMATION FOR SEQ ID NO:43: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 

(B) TYPE: amino acid 

( C ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE : amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: ' 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 43: 

lie Gin Thr Gin Met Lys Thr Tyr Ser Asp lie Asp Gly Lys Leu 

5 10 15 

Val Ser Glu Val 

(2) INFORMATION FOR SEQ ID NO: 44: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
( v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:44: 

Val Phe lie Lys Arg Val Ser Asn Val lie Xle His Gly 

5 10 
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(2) INTORMATION FOR SEQ ID NO: 45: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:45: 

Met Lys Val Thr Val Ala Phe Asn Gin Plie Gly Pro Asn. Arg Arg 

5 10 15 

(2) INFORMATION FOR SEQ ID NO: 46: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 

( B ) TYPE : amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 46: 

lie Ala Ser Arg Arg Val Asp Gly lie He Ala Ala Tyr Gin Asn 

5 10 15 

(2) INFORMATION FOR SEQ ID NO: 47: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:47: 

lie Asp lie Phe Ala Ser Lys Asn Plie His Leu Gin Jjys Asn Thr 

5 10 15 

lie Gly Thr Gly 

(2) INFORMATION FOR SEQ ID NO: 48: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE: internal 
(ix) FEATURE: 

(A) NAME /KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 48: 

Tyr Phe val Gly Lys Met Tyr Phe Asn Leu lie Asp 

5 10 

(2) INFORMATION FOR SEQ ID NO: 49: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: amino acid 

(C ) TOPOLOGY : linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:49: 

Gly lie Gly Ala Val Leu Lys Val Leu Thr Thr Gly Pro Ala Leu 

5 10 15 

lie Ser Trp lie Lys Arg Lys Arg Gin Gin 

20 25 

(2) INFORMATION FOR SEQ ID NO: 50: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECUI.E TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
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(ix) FEATURE: 

(A) NAME/KEY: 

(B) IiOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 50: 

Asp Gly Gin Glu Glu Lys Ala Gly Val Val Ser Tlir Gly Ijeu lie 

5 10 15 

(2) INFORMATION FOR SEQ ID NO: 51: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 

(B) TYPE: amino acid 

( C ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 51: 

Asp Leu Leu Lys Asn Gly Glu Arg lie Glu Lys Val Glu 

5 10 

(2) INFORMATION FOR SEQ ID NO: 52: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 

(B) TYPE: amino acid 

(C) TOPOLOGY: linear 

(ii) MOLECULE TYPE: amino acid 
(v) FRAGMENT TYPE : internal 
(ix) FEATURE: 

(A) NAME/KEY: 

(B) LOCATION: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 52: 

Gly Gly Gly Ser Gly Thr Gly Ser Gly Ser Gly Ser 

5 10 
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